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100 PARTS BY
WEIGHT

| 8,000~15 800cm iy

A TOZB PARIS EY
WEIGHT

WATER REDUCING WESGHT
AGENT
ANTIFOAMING AGENT

|- FOAM REMOVING AGENT®
| IPORES)

1670 22 PARTS BY
WRIGHT

SHONT FIBER - THE AMOQUNT MIXELDR IS 1.5 10 2% OF THE BENTIRE VOLUME

£ Sl HEALNDG CeMENT UOMPOSIHTTE
- STEEL FIBER, GLASE FIBER, CARBON FIBER, ARAMID

FIBER, BASALT FIBER
§-THE AMOUNT MIXED IS 0.8 TO 2% OF THE ENTIRE YOLUME
OF SELE-HEALING CEMENT COMPOSITE
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BAIX HIGH-PERFORMANCE WATER REDUCING AGERT AND ANTIFOAMING
AGENT, AND MANUFALTURE CERMENT-BASED MORTAR USING CIRCULAR
VACUUR MIXER

ARDITIONALLY MIX SHORT HBER FOR SECURING TENSILE FORCE N
CIRCULAR VACULIR MIXKER TO FORRM UNPC
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COMPACUT MLP-LOMPALTABLE SELF-HEALING CERMENT COMPOMILE FROM
0P OF FORMWORK

REMOVE SELE-HEALING CEMENT CORMPOSITE PROM PORMWORK 10
CARAPLETE CONURITE VACUIR TUBE SEGRENT FOR HYPLRE-SPLED
TRANSPORTATION SYSTEM
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1

CONCRETE VACUUM TUBE SEGMENT FOR
HYPER-SPEED TRANSPORTATION SYSTEM
USING ULTRA-HIGH PERFORMANCE

CONCRETE (UHPC), AND
MANUFACTURING METHOD THEREOFK

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application No. 2020-0145567, filed on Nov.
3, 2020, the disclosure of which is incorporated herein by
reference in 1ts entirety.

BACKGROUND OF THE INVENTION

1. Technical Field

The present mvention relates to a concrete vacuum tube
segment for a hyper-speed transportation system, and more
particularly, to a concrete vacuum tube segment for a
hyper-speed transportation system, which 1s a vacuum tube
segment for a hyper-speed transportation system such as the
Hyperloop, and a manufacturing method thereof, 1n which
ultra-high performance concrete (UHPC) 1s used to manu-
facture the concrete vacuum tube segment.

2. Background of Related Art

Generally, a hyper-speed tube train 1s a tube railway
system that travels while causing a sealed space, which 1s a
tube, to be 1n a partial-vacuum state in order to overcome a
limitation of the speed of the existing magnetic levitation
train. The hyper-speed tube train may wrap a railroad track
with a tube and then cause the tube to be 1n a vacuum or
partial-vacuum state to minimize air resistance so that a
higher speed 1s achieved with the same output. For example,
the hyper-speed tube train may wrap the track with the tube
and travel at 700 km/h or more while, for example, the tube
1s 1n a partial-vacuum state 1n which an atmospheric pressure
1s 1n a range of 0.05 to 0.4 atm.

While the existing magnetic levitation train has limita-
tions due to air resistance and adhesive driving method and
thus 1t 1s dithicult for the train to travel at hyper speed, the
hyper-speed tube train system forms a tube structure, main-
tains a partial-vacuum state in the tube structure to reduce air
resistance, and uses a linear motor to realize non-adhesive
driving so that hyper-speed traveling at 700 km/h or more 1s
possible.

Since the hyper-speed tube train system maintains an
interior of the tube 1 a vacuum or partial-vacuum state, a
high-degree of aerodynamic design and precise control
technology are required. For example, a diameter of the tube
may be 1 a range of about 4.5 m to 10 m 1n the existing
hyper-speed tube train. Cars of the hyper-speed tube train
system are likely to be cars of a hyper-speed magnetic
levitation train, and the hyper-speed tube train system has a
structure 1n which the cars are supported with a magnetic
force on a guideway and propelled by a linear motor while
the cars maintain spaced apart at predetermined intervals.

Meanwhile, a hyper-speed transportation system, such as
the Hyperloop, which 1s being developed recently, 1s a
system 1n which a 3.2 m-diameter tunnel, which 1s formed
to be close to a vacuum, 1s formed and a single 28-seater car
of a train travels therein. In the Hyperloop hyper-speed
transportation system, in theory, the maximum speed 1s 1223
km/h, which 1s about two times the maximum speed of a
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2

passenger plane that 1s about 780 km/h. The hyper-speed
transportation system 1s directed to address problems due to
urbanization, such as population concentration, trailic con-
gestion, trailic accidents, and environmental pollution. The
hyper-speed transportation system may be considered as a
sustainable future transportation means in which a partial-
vacuum transportation tube, which 1s in a vacuum or partial-
vacuum state, 1s developed to minimize air resistance in the
transportation system so that the transportation tube may
travel at hyper speed.

Specifically, the Hyperloop hyper-speed transportation
system 1s designed so that a magnet 1s attached to a lower
portion of a train and a magnetic fiecld flows through a
bottom of a tunnel. Here, 1n order to minimize {riction as
much as possible, the train should travel while being slightly
levitated. To this end, air remaining in the tunnel 1s suctioned
and discharged to the bottom using a fan and a compressor,
which are installed at the rear of the train, so that the train
maintains a state of being levitated. Using such a method, for
example, a 30-ton train 1s allowed to move at a speed of
1,200 km/h or more. Also, 1n order to supply electricity that
1s necessary to generate a magnetic field, a solar panel may
be installed at an outer wall of the vacuum tunnel, and a
wind power generator may be installed around the solar
panel. Since the construction cost of the Hyperloop hyper-
speed transportation system i1s only one tenth of that of
high-speed railway, fares may be lowered.

FIG. 1 1s a view for describing the Hyperloop hyper-speed
transportation system, FIG. 2 1s a view 1llustrating a pas-
senger carrier 1n the Hyperloop hyper-speed transportation
system 1llustrated 1n FIG. 1 1n detail, and FIG. 3 1s a view
illustrating a vacuum tube segment 1n the Hyperloop hyper-
speed transportation system 1llustrated 1n FIG. 1 in detail.

As 1illustrated 1 a) of FIG. 1, 1 the Hyperloop hyper-
speed transportation system, a tube 1s installed between two
stations and a vacuum pump 1s used to decrease an atmo-
spheric pressure 1n the tube to be less than or equal to 0.1 atm
to minimize air resistance so that a carrier 1s allowed to
travel at the maximum speed of 1,200 km/h inside the
partial-vacuum tube, which 1s close to a vacuum.

A carrier (10) of the Hyperloop hyper-speed transporta-
tion system resembles a train as illustrated 1n FIG. 2, but the
actual operating method of the carrier (10) 1s very ditfierent
from that of the existing train. Also, the Hyperloop hyper-
speed transportation system 1s basically a transportation
means having a form in which the carrier (10) 1s moved
inside a vacuum tube (20). As illustrated in FIG. 3, a
propelling force of the carrier (10) may be obtained using a
magnetic field inside the vacuum tube (20), and air may be
¢jected to the bottom to reduce a Irictional force. Here,
necessary power 1s obtammed from a solar panel that sur-
rounds an outer wall of the vacuum tube (20).

Meanwhile, FIG. 4 1s a view 1illustrating a tube structure
for a hyper-speed tube railway according to the related art.

As 1llustrated 1n FIG. 4, the tube structure for the hyper-
speed tube railway according to the related art 1s constructed
so that tracks (30a, 3056) are each surrounded by closed
circular tubes (20). A carrier in the form of a pod 1s allowed
to travel at subsonic speed inside a tube having a circular
cross-section that 1s configured by continuously joining steel
pIpES.

However, the tube structure for the hyper-speed tube
railway according to the related art 1s a transportation tube
made of steel material, and since a cross-sectional second
moment 1s relatively small 1 a cross-section of a hollow
circular tube (or transportation tube) as compared to an
I-shaped or box-shaped cross-section, the shape 1s untavor-
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able 1n a bridge structure 1n which a tlexural behavior 1s the
main form of behavior, and a separate connecting material 1s
required to induce synthesis between a circular steel pipe
and a track structure.

In particular, 1n a case 1n which the tube (or transportation
tube) needs to be replaced, there 1s a problem 1n that it 1s
necessary to partially cut the entire steel pipe and track
structure. Also, there are problems in that 1t 1s necessary to
place a hoop-shaped reinforcing material to secure flexural
stiflness of the hollow circular cross-section that 1s vulner-
able to flexure, and since a span should be configured to be
short 1n order to secure the flexural stiflness, the cost
Increases.

Meanwhile, the most in-demand performance in the par-
tial-vacuum transportation tube for the hyper-speed trans-
portation system 1s airtightness that allows 1000 atm to be
maintained. Conventionally, fundamental studies have been
mostly carried out on steel matenals, and there 1s still no
case of manufacturing vacuum tubes for concrete structures
based on cement.

Also, concrete with general strength can secure water-
tightness as in an immersed tunnel or the like, but 1t 1s very
difficult and not economically feasible to secure airtightness
in an environment 1n which the atmospheric pressure 1s Y1000
atm. In order to secure the airtightness, a cover thickness
should be made large. It 1s dithicult to secure airtightness for
maintaining a single vacuum, and in order to secure the
airtightness, a steel formwork with a thickness of about 10
mm should be placed outside concrete to maintain a very
large cover thickness. Also, since general concrete does not
have a self-compacting property, 1t 1s very diflicult to
manufacture 1n a circular shape, and since concrete pouring
quality may be poor 1n some cross-sections, it 1s diflicult to
secure airtightness. Thus, there 1s a need for countermea-
Sures.

In particular, 1t 1s known that, since the partial-vacuum
transportation tube for the hyper-speed transportation sys-
tem 1ncludes non-continuous sections such as construction
joints and segment connecting parts, airtightness of the
segment 1tsell 1s also important, but airtightness of the
connecting parts 1s more 1mportant in connecting the seg-
ments.

In the case of the vacuum tube for the concrete structure,
since an air permeability of the concrete itsell tends to be
inversely proportional to strength and an equivalent air
permeability of the structure tends to increase with an
increased number of joint parts, for example, 1t was found
that 1t took about 4 to 5 hours for an internal atmospheric
pressure ol an 1ntegrated-type concrete tube to double from
10 kPa, which was an 1nitial value, to 20 kPa. This shows
that 1t 1s diflicult to maintain the partial-vacuum state in the
tube using general concrete, and thus a material having
better airtightness 1s necessary. For example, ultra-high
performance concrete (UHPC) may be an alternative to
general concrete, but so far, there 1s no partial-vacuum
transportation tube for hyper-speed transportation system
that uses the UHPC. Also, the hyper-speed transportation
system using the vacuum tube has not been realized yet, and
only the concept thereof has been proposed, or research 1s 1n
Progress.

Meanwhile, as the related art of the above-described
UHPC, “Ultra-high performance fiber-reinforced concrete
and manufacturing method of the same™ has been disclosed
in Korean Patent Registration No. 10-17514°79 that has been
filed by the applicant of the present invention and registered.
Since a mix proportion of the ultra-high performance fiber-
reinforced concrete 1s designed on the basis of a maximum
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{11l theory as well as dynamic performance and durability 1n
which a compressive strength 1s 1n a range of 80 to 180 MPa,
a flexural strength 1s 15 MPa or higher, a direct tensile
strength 1s 7 MPa or higher, a service life 1s 100 to 200 years,
and a shrinkage strain 1s 700 or lower, i1t 1s possible to
implement ultra-high performance fiber-reinforced concrete
in which the structure mside the concrete 1s very dense so
that watertightness and airtightness are excellent. The ultra-
high performance fiber-reinforced concrete and manufactur-
ing method of the same are referenced herein and constitute
part of the present imvention.

Meanwhile, FIG. 5 1s a picture showing a case 1n which
entrapped air 1s generated while mixing the UHPC accord-
ing to the related art.

Steel fibers used for the above-described UHPC have a
density of 7.85 g/cm”, and high viscosity should be secured
to prevent a fiber ball phenomenon of the steel fibers.
However, there are problems 1n that, since the high viscosity
inevitably causes entrapped air to be generated as 1illustrated
in FIG. 5 in the process of mixing the UHPC, 1t 1s diflicult
to secure airtightness, and accordingly, i1t 1s difhicult to
manufacture a vacuum tube segment for a hyper-speed
transportation system by using the UHPC.

RELATED ART DOCUMENTS

Patent Documents

(Patent Document 0001) Korean Patent Registration No.
10-2106353 (Date of Registration: Apr. 24, 2020), Title of
Invention: “Ultra-high-strength resin mortar composition
and construction method of underwater structure and
hyperloop tube using the same”

(Patent Document 0002) Korean Patent Registration No.
10-1751479 (Date of Registration: Jun. 21, 2017), Title of
Invention: “Ultra-high performance fiber-reinforced con-
crete and manufacturing method of the same™

(Patent Document 0003) Korean Patent Registration No.
10-1830638 (Date of Registration: Feb. 13, 2018), Title of
Invention: “Tube structure for integrating tube shield 1nto
concrete slab structure for super-speed tube railway, and
construction for the same”

(Patent Document 0004) Korean Patent Registration No.
10-1853915 (Date of Registration: Apr. 25, 2018), Title of
Invention: “Tabular structure of slab-canopy composite
modular type for hyper-speed tube raillway, and construc-
tion method for the same”

(Patent Document 00035) Korean Patent Registration No.
10-0873514 (Date of Registration: Dec. 4, 2008), Title of
Invention: “Binder for concrete having ultra-high strength

and a method for manufacturing concrete using the
binder”

SUMMARY OF THE INVENTION

The present invention 1s directed to providing a concrete
vacuum tube segment for a hyper-speed transportation sys-
tem using ultra-high performance concrete (UHPC) and a
manufacturing method thereof capable of using UHPC, in
which shrinkage and structural cracking do not occur due to
mixing a binder and a short fiber to secure airtightness on the
basis of a maximum fill theory, to manufacture the concrete
vacuum tube segment for the hyper-speed transportation
system.

The present mvention 1s also directed to providing a
concrete vacuum tube segment for a hyper-speed transpor-
tation system using UHPC and a manufacturing method
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thereof capable of, when mixing the UHPC, mixing an
antifoaming agent and using a circular vacuum pump to
remove generated entrapped air to minimize the entrapped
air.

The present invention 1s also directed to providing a
concrete vacuum tube segment for a hyper-speed transpor-
tation system using UHPC and a manufacturing method
thereot capable of compacting a capsule-type crack healing
material, which 1s able to repair fine cracks, to secure
airtightness of the concrete vacuum tube segment.

The present mvention i1s also directed to providing a
concrete vacuum tube segment for a hyper-speed transpor-
tation system using UHPC and a manufacturing method
thereol capable of, when manufacturing a circular vacuum
tube segment for the hyper-speed transportation system,
using self-compactable UHPC, which 1s able to be com-
pacted entirely from the top of a formwork, to manufacture
a concrete vacuum tube segment having better airtightness.

The present invention provides a concrete vacuum tube
segment for a hyper-speed transportation system using ultra-

high performance concrete (UHPC), wherein the UHPC
includes 100 parts by weight of cement as a binder (B), 20
to 30 parts by weight of silica fume as the binder (B), 15 to
25 parts by weight of quartz powder as the binder (B), 100
to 120 parts by weight of fine aggregate, 20 to 28 parts by
weight of mixing water (W), 4 to 7 parts by weight of a
high-performance water reducing agent, and 1.6 to 2.2 parts
by weight of an antifoaming agent, the UHPC 1s mixed with
a short fiber and a capsule-type crack healing material to
form a seli-healing cement composite, a volume of the
mixed short fiber 1s 1.5 to 2% of the entire volume of the
seli-healing cement composite, and a volume of the mixed
capsule-type crack healing material 1s 0.5 to 2% of the entire
volume of the self-healing cement composite.

Here, the seli-healing cement composite may have a
compressive strength 1n a range of 80 to 180 MPa, a tlexural
strength of 15 MPa or higher, a direct tensile strength of 7
MPa or higher, a service life of 100 to 200 years, and a
shrinkage strain of 700 or lower.

Here, the capsule-type crack healing material may include

a microcapsule and a polymer matrix, and a microcapsule
that has methacrylate as a core maternial and poly(urea-
formaldehyde) as a capsule film-forming material may be
added into the polymer matrix.

Here, when fine cracks are formed and propagate in a
concrete surface, 1n the capsule-type crack healing material,
the microcapsule placed at a position where the cracks
propagate may be broken so that a monomer therein flows
between crack faces, and the monomer which penetrates into
the cracks may cause a polymerization reaction due to light
so that the cracks self-heal.

Here, the silica fume may have a specific surface area in
a range of 8,000 to 15,000 cm”/g.

Here, the quartz powder may be a filler material contain-
ing 99% silicon dioxide and may have an average particle
diameter of 4 um.

Here, the fine aggregate may be silica sand, which 1s
quartz sand, and may have a particle diameter of less than or
equal to 5 mm.

Here, a ratio (W/B) of the mixing water (W) to the binder
(B) may be 0.2.

Here, the short fiber may be selected from the group
consisting ol a steel fiber, a glass fiber, a carbon fiber, an
aramid fiber, and a basalt fiber and may have a length of less
than or equal to 20 mm.
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Here, the antifoaming agent may minimize entrapped air
that 1s generated inside the UHPC due to high viscosity of

the UHPC when mixing the UHPC.

Meanwhile, the present invention provides a method of
manufacturing a concrete vacuum tube segment for a hyper-
speed transportation system using ultra-high performance
concrete (UHPC), the method including: a) mixing a fine
aggregate with cement, silica fume, and quartz powder that
serve as a binder (B); b) mixing mixing water (W) so that a
ratio (W/B) of the mixing water (W) to the binder (B) 1s 0.2;
¢) mixing a high-performance water reducing agent and an
antifoaming agent and manufacturing cement-based mortar
using a circular vacuum mixer; d) additionally mixing a
short fiber, which 1s for securing a tensile force, in the
circular vacuum mixer to form the UHPC; ¢) additionally
mixing a capsule-type crack healing material with the UHPC
to form a self-healing cement composite; 1) compacting the
seli-healing cement composite in a formwork; g) curing the
self-healing cement composite; and h) removing the seli-
healing cement composite from the formwork to complete
the concrete vacuum tube segment for a hyper-speed trans-
portation system.

Here, 1n operation ¢), when mixing the UHPC, the circular
vacuum pump may be used to remove generated entrapped
air to minimize the entrapped arr.

Here, the seli-healing cement composite 1n operation 1)
may be formed using self-compactable UHPC and may be
entirely compacted from the top of the formwork to allow
the concrete vacuum tube segment to have high airtightness.

BRIEF DESCRIPTION OF THE

DRAWINGS

The above and other objects, features and advantages of
the present invention will become more apparent to those of
ordinary skill 1n the art by describing exemplary embodi-
ments thereot in detail with reference to the accompanying,
drawings, in which:

FIG. 1 1s a view for describing a Hyperloop hyper-speed
transportation system;

FIG. 2 1s a view illustrating a passenger carrier in the
Hyperloop hyper-speed transportation system illustrated 1n
FIG. 1 1n detail;

FIG. 3 1s a view 1llustrating a vacuum tube segment in the
Hyperloop hyper-speed transportation system illustrated 1n
FIG. 1 1n detail;

FIG. 4 1s a view 1llustrating a tube structure for a
hyper-speed tube railway according to the related art;

FIG. 5 15 a picture showing a case 1n which entrapped air
1s generated while mixing ultra-high performance concrete
(UHPC) according to the related art;

FIG. 6 1s a view 1illustrating a composition ratio of the
UHPC 1n a concrete vacuum tube segment for a hyper-speed
transportation system using the UHPC according to an
embodiment of the present invention;

FIGS. 7A and 7B are views for comparing and describing
airtightness of the UHPC 1n the concrete vacuum tube
segment for the hyper-speed transportation system using the
UHPC according to an embodiment of the present invention;

FIG. 8 1s a view for describing improving the airtightness
of the UHPC using an antifoaming agent in the concrete
vacuum tube segment for the hyper-speed transportation
system using the UHPC according to an embodiment of the
present 1nvention;

FIG. 9 shows pictures that show before and after of
removal of entrapped air when using the UHPC;

FIG. 10 1s a view for describing a capsule-type crack
healing material 1n the concrete vacuum tube segment for
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the hyper-speed transportation system using the UHPC
according to an embodiment of the present imvention 1n
detail;

FIG. 11 1s an operational flowchart showing a method of
manufacturing a concrete vacuum tube segment for a hyper-
speed transportation system using UHPC according to an
embodiment of the present invention; and

FIG. 12 1s a picture showing a circular vacuum mixer for
manufacturing the concrete vacuum tube segment for the
hyper-speed transportation system using the UHPC accord-
ing to an embodiment of the present invention.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Hereinatiter, embodiments of the present invention will be
described 1n detail with reference to the accompanying
drawings to allow those of ordinary skill 1n the art to which
the present invention pertains to easily practice the present
invention. However, the present mvention may be imple-
mented 1n various different forms and 1s not limited by the
embodiments described herein. Also, 1 order to clearly
describe the present invention, parts unrelated to the descrip-
tion have been omitted from the drawings, and similar parts
will be denoted by like reference numerals throughout the
specification.

Throughout the specification, when a certain part 1s
described as “including” a certain element, this indicates that
the certain part may further include another element instead
of excluding another element unless the context clearly
indicates otherwise.

First, 1n relation to a hyper-speed transportation system, it
1s necessary to maintain a partial-vacuum state, 1n which an
atmospheric pressure 1s about 0.1 atm, to allow propulsion
at a speed of 700 km/h or more. Here, a steel material, other
alloys, ultra-high performance concrete (UHPC), or the like
may be considered as a maternial of a partial-vacuum tube,
but among the above, the UHPC has a dense structure and
thus 1s not only able to implement a partial-vacuum tube of
0.1 atm at a thickness of less than or equal to 30 cm, but also
able to allow vacuum pumps, which are for maintaining the
partial-vacuum tube, to be arranged at intervals that are
economically feasible. Therefore, a concrete vacuum tube
segment for a hyper-speed transportation system according
to an embodiment of the present mnvention 1s manufactured
using the UHPC.

[Concrete Vacuum Tube Segment for Hyper-Speed Trans-
portation System Using UHPC]

FIG. 6 1s a view illustrating a composition ratio of the
UHPC 1n a concrete vacuum tube segment for a hyper-speed
transportation system using the UHPC according to an
embodiment of the present invention.

In the concrete vacuum tube segment for the hyper-speed
transportation system using the UHPC according to the
embodiment of the present imvention, as illustrated 1n FIG.
6, the UHPC may include 100 parts by weight of cement as
a binder B, 20 to 30 parts by weight of silica fume as the
binder B, 15 to 25 parts by weight of quartz powder as the
binder B, 100 to 120 parts by weight of fine aggregate, 20
to 28 parts by weight of mixing water W, 4 to 7 parts by
weight of a high-performance water reducing agent, and 1.6
to 2.2 parts by weight of an antifoaming agent, wherein the
UHPC 1s mixed with a short fiber and a capsule-type crack
healing material to form a self-healing cement composite, a
volume of the mixed short fiber 1s 1.5 to 2% of the entire
volume of the selt-healing cement composite, and a volume
of the mixed capsule-type crack healing material 1s 0.5 to
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2% of the entire volume of the seli-healing cement com-
posite. Accordingly, the concrete vacuum tube segment may
be formed as a vacuum tube segment for a hyper-speed
transportation system.

Specifically, the silica fume may have a specific surface
area in a range of 8,000 to 15,000 cm?/g, but the present
invention 1s not limited thereto.

The quartz powder may be a filler material containing
99% silicon dioxide (S10,) and may have an average
particle diameter of 4 um, but the present invention 1s not
limited thereto.

The fine aggregate may be silica sand, which 1s quartz
sand, and may have a particle diameter of less than or equal
to 5 mm, but the present invention 1s not limited thereto.

A ratio W/B of the mixing water W to the binder B may
be 0.2 to implement the UHPC.

The antifoaming agent may minimize entrapped air that 1s
generated inside the UHPC due to high viscosity of the
UHPC when mixing the UHPC.

The short fiber may be selected from the group consisting
ol a steel fiber, a glass fiber, a carbon fiber, an aramid fiber,
and a basalt fiber and may have a length of less than or equal
to 20 mm, but the present invention 1s not limited thereto.

The capsule-type crack healing material may include a
microcapsule and a polymer matrix, and a microcapsule that
has methacrylate as a core material and poly(urea-formal-
dehyde) as a capsule film-forming material may be added
into the polymer matrnix to form the capsule-type crack
healing material.

Meanwhile, FIGS. 7A and 7B are views for comparing
and describing airtightness of the UHPC 1n the concrete
vacuum tube segment for the hyper-speed transportation
system using the UHPC according to an embodiment of the
present 1nvention.

FIG. 7A shows air permeability according to compressive
strength, and FIG. 7B shows air permeability according to
the number of experiments. As illustrated 1n FIGS. 7A and
7B, 1n the case of the concrete vacuum tube segment for the
hyper-speed transportation system using the UHPC accord-
ing to the embodiment of the present invention, since a
self-healing cement composite 1s formed using the UHPC,
and a mix proportion of the UHPC of the seli-healing
cement composite 1s designed on the basis of a maximum fill
theory as well as dynamic performance and durability in
which a compressive strength 1s 1n a range of 80 to 180 MPa,
a flexural strength 1s 15 MPa or higher, a direct tensile
strength 1s 7 MPa or higher, a service life 1s 100 to 200 years,
and a shrinkage strain 1s 700 or lower, the structure inside
the concrete 1s very dense, and watertightness and airtight-
ness are excellent.

Meanwhile, FIG. 8 1s a view for describing improving the
atrtightness of the UHPC using an antifoaming agent in the
concrete vacuum tube segment for the hyper-speed trans-
portation system using the UHPC according to an embodi-
ment of the present invention, and FIG. 9 shows pictures that
show before and after of removal of entrapped air when
using the UHPC.

In the case of the concrete vacuum tube segment for the
hyper-speed transportation system using the UHPC accord-
ing to the embodiment of the present invention, as 1llustrated
in FIG. 8, an antifoaming agent may be used to improve the
airtightness of the UHPC. Since a large amount of entrapped
air 1s generated 1n the process of mixing the UHPC due to
high viscosity of the UHPC, pores remain 1n the UHPC after
pouring of the UHPC 1s completed. Since the pores are one
of the factors that decrease the airtightness, 1n the case of the
embodiment of the present invention, a foam removing
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agent 1s used to minimize foam 1n the UHPC when mixing
the UHPC. Here, a) of FIG. 9 shows a state before the
removal ol entrapped air when using the UHPC, and b) of
FIG. 9 shows a state after the removal of entrapped air when
using the UHPC. When mixing the UHPC, the antifoaming,
agent may be used to minimize foam 1n the UHPC.

Meanwhile, as a method of imparting self-healing ability
to a material, there 1s a selt-healing method using addition
ol a microcapsule containing a self-healing agent. Research
on self-healing using microcapsules has mostly been carried
out 1n the field of polymers and synthetic materials and has
recently been applied to self-healing of cracks of concrete.
The self-healing method using microcapsules 1s a method 1n
which microcapsules, each containing a polymeric monomer
therein as a core material, are manufactured and distributed
inside concrete. The method 1s a concept 1n which, when
cracks are formed in the concrete, the microcapsules are
broken so that the monomers therein tlow between crack
taces, and the monomers which penetrate into the cracks
cause a polymerization reaction due to a catalyst so that the
cracks seli-heal.

However, since such methods use a catalyst in a polymer
matrix, there 1s a problem 1n terms of economic feasibility,
and the process becomes complicated due to requiring a
uniform distribution process for the catalyst. Also, there 1s a
disadvantage 1n that physical properties of formed materials
are not constant according to the amount of mixed catalyst
and the degree of distribution of the catalyst, and there are
many limitations such as the possibility of deterioration of
the catalyst during long-term storage. Therefore, the seli-
healing agent, which may react due to light without using a
catalyst, may be formed into microcapsules to allow seli-
healing of cracks 1n concrete surfaces.

That 1s, microcapsules each having methacrylate as a core
material and poly(urea-formaldehyde) as a capsule film-
forming material may be added into a polymer matrix and
coated on a concrete surface, and 1n this way, when fine
cracks are formed and propagate 1n the concrete surface, the
microcapsules placed at positions where the cracks propa-
gate are broken so that the monomers therein flow between
crack faces, and the monomers which penetrate into the
cracks cause a polymerization reaction due to light so that
the cracks self-heal. The self-healing performance may be
cvaluated using experiments on water absorbability and
water permeability and observation through an optical
microscope. As a result, the proposed selif-healing system
may be used to partially repair cracks 1n concrete.

FIG. 10 1s a view for describing a capsule-type crack
healing material 1n the concrete vacuum tube segment for
the hyper-speed transportation system using the UHPC

according to an embodiment of the present imvention 1n
detaul.

The structure of the self-healing system and the concept
ol self-healing using microcapsules when cracks are formed
in the concrete vacuum tube segment for the hyper-speed
transportation system using the UHPC according to the
embodiment of the present invention are illustrated 1n FIG.
10. Specifically, the structure 1s a structure in which a
polymer matrix 1s used as a primer and an intermediate
coating material on a concrete surface and microcapsules
contaiming a self-healing agent are mixed with the polymer
matrix. Also, a top coating material 1s applied on the top
layer to form a double coating structure. Then, when cracks
are formed 1n the concrete, the polymer matrix mixed with
the microcapsules 1s broken and the self-healing agent in the
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microcapsules flows out and causes a polymerization reac-
tion due to light to form a siloxane structure and fill the
cracks.

Consequently, the concrete vacuum tube segment for the
hyper-speed transportation system using the UHPC accord-
ing to the embodiment of the present invention may be easily
manufactured using the UHPC, in which shrinkage and
structural cracking do not occur due to using a binder such
as cement, filler material, silica fume, and silica sand, which
1s for securing airtightness on the basis of the maximum fill
theory, and using a short fiber such as a steel fiber, a glass
fiber, a carbon fiber, an aramid fiber, and a basalt fiber, which
1s for securing a tensile force, and accordingly, shrinkage of
the concrete vacuum tube segment may be reduced even in
a partial-vacuum state 1n which the magnitude of drying
shrinkage 1s very small and quick drying occurs. Also, the
capsule-type crack healing material, which 1s able to repair
fine cracks, may be compacted to secure the airtightness of
the concrete vacuum tube segment.

[Method of Manufacturing Concrete Vacuum Tube Seg-
ment for Hyper-Speed Transportation System Using UHPC]

FIG. 11 1s an operational flowchart showing a method of
manufacturing a concrete vacuum tube segment for a hyper-
speed transportation system using UHPC according to an
embodiment of the present mmvention, and FIG. 12 1s a
picture showing a circular vacuum mixer for manufacturing
the concrete vacuum tube segment for the hyper-speed
transportation system using the UHPC according to an
embodiment of the present invention.

Referring to FIG. 11, 1n the method of manufacturing the
concrete vacuum tube segment for the hyper-speed trans-
portation system using UHPC according to the embodiment
of the present invention, first, fine aggregate 1s mixed with
cement, silica fume, and quartz powder that serve as a binder
B (5110). Specifically, 100 parts by weight of cement, 20 to
30 parts by weight of silica fume, and 15 to 25 parts by
weilght of quartz powder are thoroughly mixed with 100 to
120 parts by weight of fine aggregate for 20 to 30 seconds
at a speed 1n a range of 10 to 20 rpm, preferably, at a speed
of 15 rpm. Here, preferably, the silica fume has a specific
surface area in a range of 8,000 to 15,000 cm”/g, the quartz
powder 1s a filler material containing 99% silicon dioxide
(S10,) and has an average particle diameter of 4 um, and the
fine aggregate 1s silica sand, which 1s quartz sand, and has
a particle diameter of less than or equal to 5 mm.

Next, mixing water W 1s mixed so that a mixing water-
binder ratio W/B 1s 0.2 (5120).

Next, a high-performance water reducing agent and an
antifoaming agent are mixed, and a circular vacuum mixer
1s used to manufacture cement-based mortar (S130). Spe-
cifically, with respect to 100 parts by weight of the cement,
4 to 7 parts by weight of the high-performance water
reducing agent and 1.6 to 2.2 parts by weight of the
antifoaming agent are mixed for 2 to 3 minutes at a speed 1n
a range of 20 to 50 rpm 1n a circular vacuum mixer 210.
Here, when mixing UHPC, as illustrated in FIG. 12, the
circular vacuum pump 210 may be used to remove generated
entrapped air to minimize the entrapped atir.

Next, a short fiber for securing a tensile force 1s addition-
ally mixed in the circular vacuum mixer 210 to form the
UHPC (S140). Specifically, preferably, the short fiber 1s
selected from the group consisting of a steel fiber, a glass
fiber, a carbon fiber, an aramid fiber, and a basalt fiber and
has a length of less than or equal to 20 mm.

Next, a capsule-type crack healing matenal 1s additionally
mixed with the UHPC to form a self-healing cement com-
posite (S150). Here, the capsule-type crack healing material
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may 1nclude a microcapsule and a polymer matrix, and a
microcapsule that has methacrylate as a core material and
poly(urea-formaldehyde) as a capsule film-forming material
may be added into the polymer matrix to form the capsule-
type crack healing maternial.

In other words, the UHPC includes 100 parts by weight of
cement as the binder B, 20 to 30 parts by weight of silica
fume as the binder B, 15 to 25 parts by weight of quartz
powder as the binder B, 100 to 120 parts by weight of fine
aggregate, 20 to 28 parts by weight of mixing water W, 4 to
7 parts by weight of high-performance water reducing agent,
and 1.6 to 2.2 parts by weight of antifoaming agent, the
UHPC 1s mixed with the short fiber and the capsule-type
crack healing material to form the self-healing cement
composite, a volume of the mixed short fiber 1s 1.5 to 2% of
the entire volume of the self-healing cement composite, and
a volume of the mixed capsule-type crack healing material
1s 0.5 to 2% of the entire volume of the self-healing cement
composite. Accordingly, the self-healing cement composite
has a compressive strength in a range of 80 to 180 MPa, a
flexural strength of 15 MPa or higher, a direct tensile
strength of 7 MPa or higher, a service life of 100 to 200
years, and a shrinkage strain of 700 or lower.

Next, when mixing 1s completed, the self-compactable
self-healing cement composite 1s compacted from the top of

a formwork (5160). Specifically, self-compactable UHPC,

which 1s able to be compacted entirely from the top of the
tformwork, may be used, and accordingly, a concrete vacuum
tube segment having better airtightness may be manufac-
tured.

Next, the self-healing cement composite 100aq 1s cured
(S170), and then, the seli-healing cement composite 100a 1s
removed Ifrom the formwork to complete the concrete
vacuum tube segment for the hyper-speed transportation
system (S180).

Consequently, according to an embodiment of the present
invention, 1 the case of the UHPC, shrinkage may be
reduced even m a partial-vacuum state in which the mag-
nitude of drying shrinkage 1s very small and quick drying
occurs. Also, when manufacturing a circular vacuum tube
segment for a hyper-speed transportation system, self-com-
pactable UHPC, which 1s able to be compacted entirely from
the top of the formwork, may be used, and accordingly, a
concrete vacuum tube segment having better airtightness
may be manufactured.

According to the present invention, a concrete vacuum
tube segment for a hyper-speed transportation system can be
casily manufactured using UHPC, 1n which shrinkage and
structural cracking do not occur due to mixing a binder and
a short fiber to secure airtightness on the basis of a maximum
fill theory, and accordingly, shrinkage of the concrete
vacuum tube segment can be reduced even i a partial-
vacuum state 1n which the magnitude of drying shrinkage 1s
very small and quick drying occurs.

According to the present mmvention, when mixing the
UHPC, an antifoaming agent can be mixed, and generated
entrapped air can be removed using a circular vacuum pump
to minimize the entrapped arr.

According to the present invention, a capsule-type crack
healing material, which 1s able to repair fine cracks, can be
compacted to secure airtightness ol the concrete vacuum
tube segment.

According to the present invention, when manufacturing
a circular vacuum tube segment for the hyper-speed trans-
portation system, self-compactable UHPC, which 1s able to
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be compacted entirely from the top of a formwork, can be
used to manufacture a concrete vacuum tube segment having
better airtightness.

The above-given description of the present invention 1s
only 1illustrative, and those of ordinary skill in the art to
which the present invention pertains should understand that
the present invention may be modified to other specific
forms without changing the technical idea or essential
features of the present imvention. Therefore, the embodi-
ments described above should be understood as illustrative,
rather than limiting, 1 all aspects. For example, each
clement described as having a single form may be separated
into a plurality of parts and practiced, and likewise, elements
described as being separated may be combined and prac-
ticed.

The scope of the present invention 1s shown 1n the claims
below rather than in the detailed description above, and all
changes or modifications derived from the meaning and
scope of the claims and their equivalents should be inter-
preted as falling within the scope of the present invention.

What 1s claimed 1s:

1. A concrete vacuum tube segment for a hyper-speed
transportation system using ultra-high performance concrete
(UHPC), wherein the UHPC comprises:

100 parts by weight of cement as a binder (B);

20 to 30 parts by weight of silica fume as the binder (B);

15 to 25 parts by weight of quartz powder as the binder

(B);

100 to 120 parts by weight of fine aggregate;

20 to 28 parts by weight of mixing water (W);

4 to 7 parts by weight of a high-performance water

reducing agent; and

1.6 to 2.2 parts by weight of an antifoaming agent,

wherein the UHPC 1s mixed with a short fiber and a

capsule-type crack healing material to form a seli-
healing cement composite, a volume of the mixed short
fiber 1s 1.5 to 2% of the entire volume of the seli-
healing cement composite, and a volume of the mixed

capsule-type crack healing material 1s 0.5 to 2% of the

entire volume of the self-healing cement composite.

2. The concrete vacuum tube segment of claim 1, wherein
the self-healing cement composite has a compressive
strength 1n a range of 80 to 180 MPa, a flexural strength of
15 MPa or higher, a direct tensile strength of 7 MPa or
higher, a service life of 100 to 200 years, and a shrinkage
strain of 700 or lower.

3. The concrete vacuum tube segment of claim 1, wherein
the capsule-type crack healing material includes a micro-
capsule and a polymer matrix, and a microcapsule that has
methacrylate as a core material and poly(urea-formalde-
hyde) as a capsule film-forming material 1s added into the
polymer matrix.

4. The concrete vacuum tube segment of claim 3, wherein,
when fine cracks are formed and propagate 1n a concrete
surface, 1n the capsule-type crack healing maternial, the
microcapsule placed at a position where the cracks propa-
gate 1s broken so that a monomer therein flows between
crack faces, and the monomer which penetrates into the
cracks causes a polymerization reaction due to light so that
the cracks seli-heal.

5. The concrete vacuum tube segment of claim 1, wherein
the silica fume has a specific surface area in a range of 8,000
to 15,000 cm?2/g.

6. The concrete vacuum tube segment of claim 1, wherein
the quartz powder 1s a filler material containing 99% silicon
dioxide (S102) and has an average particle diameter of 4 um.
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7. The concrete vacuum tube segment of claim 1, wherein
the fine aggregate 1s silica sand, which 1s quartz sand, and
has a particle diameter of less than or equal to 5 mm.
8. The concrete vacuum tube segment of claim 1, wherein
a ratio (W/B) of the mixing water (W) to the binder (B) 1s
0.2.
9. The concrete vacuum tube segment of claim 1, wherein
the short fiber 1s selected from the group consisting of a steel
fiber, a glass fiber, a carbon fiber, an aramid fiber, and a
basalt fiber and has a length of less than or equal to 20 mm.
10. The concrete vacuum tube segment of claim 1,
wherein the antifoaming agent minimizes entrapped air that
1s generated inside the UHPC due to high viscosity of the
UHPC when mixing the UHPC.
11. A method of manufacturing a concrete vacuum tube
segment for a hyper-speed transportation system using ultra-
high performance concrete (UHPC), the method comprising;:
a) mixing a fine aggregate with cement, silica fume, and
quartz powder that serve as a binder (B);

b) mixing mixing water (W) so that a ratio (W/B) of the
mixing water (W) to the binder (B) 1s 0.2;

¢) mixing a high-performance water reducing agent and
an antifoaming agent and manufacturing cement-based
mortar using a circular vacuum mixer;
d) additionally mixing a short fiber, which 1s for securing
a tensile force, 1n the circular vacuum mixer to form the
UHPC,;

¢) additionally mixing a capsule-type crack healing mate-
rial with the UHPC to form a seli-healing cement
composite;

f) compacting the self-healing cement composite 1n a

formwork;

g) curing the self-healing cement composite; and

h) removing the self-healing cement composite from the

formwork to complete the concrete vacuum tube seg-
ment for a hyper-speed transportation system.

12. The method of claim 11, wherein the UHPC includes
100 parts by weight of cement as a binder (B), 20 to 30 parts
by weight of silica fume as the binder (B), 15 to 25 parts by
weilght of quartz powder as the binder (B), 100 to 120 parts
by weight of fine aggregate, 20 to 28 parts by weight of
mixing water (W), 4 to 7 parts by weight of a high-
performance water reducing agent, and 1.6 to 2.2 parts by
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weight of an antifoaming agent, wherein the UHPC 1s mixed
with a short fiber and a capsule-type crack healing material
to form a seli-healing cement composite, a volume of the
mixed short fiber 1s 1.5 to 2% of the entire volume of the
self-healing cement composite, and a volume of the mixed
capsule-type crack healing material 1s 0.5 to 2% of the entire

volume of the seli-healing cement composite.
13. The method of claim 12, wherein the seli-healing
cement composite has a compressive strength 1n a range of

80 to 180 MPa, a flexural strength of 15 MPa or higher, a

direct tensile strength of 7 MPa or higher, a service life of
100 to 200 years, and a shrinkage strain of 700 or lower.

14. The method of claim 11, wherein, 1n operation c),
when mixing the UHPC, the circular vacuum mixer 1s used
to remove generated entrapped air to minimize the entrapped
air.

15. The method of claim 11, wherein the self-healing
cement composite 1 operation 1) 1s formed using seli-
compactable UHPC and 1s entirely compacted from the top
of the formwork to allow the concrete vacuum tube segment
to have high airtightness.

16. The method of claim 12, wherein the capsule-type
crack healing material includes a microcapsule and a poly-
mer matrix, and a microcapsule that has methacrylate as a
core material and poly(urea-formaldehyde) as a capsule
film-forming material 1s added into the polymer matrix.

17. The method of claim 16, wherein, when fine cracks are
formed and propagate in a concrete surface, in the capsule-
type crack healing material, the microcapsule placed at a
position where the cracks propagate 1s broken so that a
monomer therein flows between crack faces, and the mono-
mer which penetrates into the cracks causes a polymeriza-
tion reaction due to light so that the cracks self-heal.

18. The method of claim 12, wherein the short fiber is
selected from the group consisting of a steel fiber, a glass
fiber, a carbon fiber, an aramid fiber, and a basalt fiber and
has a length of less than or equal to 20 mm.

19. The method of claim 12, wherein the antifoaming
agent minimizes entrapped air that 1s generated inside the
UHPC due to high viscosity of the UHPC when mixing the
Ul

IPC.
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